
I - ‘- -

-.?... . . .. .. . NATIONAL AD’VH.)RY00WITTEE ~R AERONAUTICti.

p72L-

. .

BALLOON FABRICS MM@ OF GOLIWIA?ERf8 SKINS.

By Ca?t. L. C?mll.et,of ths S.T.Ae.

From ‘LIA&mautiquo, n Au@at, 1922.

3.. .

c

/751*

TO be ~
tb fibs of the Langley
MemorialAeronautical .

L~biiratoryc.

1, .,... -

Deuember, 19~Z. “

m— ,



-.

i q##iJpi’li’111;
‘~

BALtiON FABR16# ~A~ Ok GOtiIIAiERrS SKINS.*

BY Clap% L. Oholletj of the S.T.Ae.
. ,.,.,m. --,- .. .. -----... .. .... --..............

Iiistcqloal .SW%h of Balibon I!abdiod.

Balloons utilize the lifting fbioe of some gad Mghtet

air. Tints gas 3s oozltalnedin A bag or envslope whioh must

than

be

strong enough to withstand the stresses to whioh tt is subjsoted,

as light as possible and as gas-tight as possible, in order to

minlmlze gas leakage and loss of Mfting foroe from the admis-

Silxl

tial

that

0: air.

Of these three quallties, gas-tightness Is the most essen+.

oharacterlstlo of balloon fabrioa. It is true, moreover,

this property oan be attained to a greater or less degree,

aooording to the object in view. A mediocre degree of tightness

answers for Sree halloona, slnoe they remain inflated for only

a few hours at a time. (laptiveballoons, whioh need to remain

inflated for several months, must be made of very tight fabrio.

~tly, it Is Important to obtain the most perfeot tightness pos-

sible for airships, whloh must remain inflated for many months

and for w’hiohthe leaat diminution of the lifting force affeots

the oarrying oapaolty.

The Wntgolfier b~others employed, for a gas heavier tkn

,- air, the air itself heate& Even with a very porous fabrio, the

diminution of the lighting foroe due to the @ok of tightness

was very smal~ in comparison with that due to oooiln& Their

balloons were made of ootton oloth, lined with strong pape=. The

* From “L’A&onautique,n Augusts 1922, pp. 258-262.
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enW!UOpO of one of thm wa~ made of two thiobeseeg of oloth, be-

... tween whioh%here~ere three thicknesses.of rumpled paper.

The physioian Charles, and the Robert brothers, who em-

ployed hydrogen, adopted silk oloth mated with #aoutohouo.

In Septtiber, 1783, several months titer the experiment of

+h6 Mont601fSer bzothess at Annonay, (June 5, 1783), and several

Uyra after that of Charles and the Rebert brothers at Paris,

(August 27, 1783), Baron Beaumanolr sent up an 18-lnoh hydrogen

balloon of goldbeaterfe skin. This experiment brought into

fashion balloons of goldbeater’s skin, whioh were sent up In

large numbers by Parisians.

The Ae=o-Yontgol.fl&re,with whioh Pifitre de Rosier killed

himself, June 15, 1885, was m~e of Taffeta impregnated with lin-

seed 011, d~ied mith lftharge and oovered with gc,ldbeater’sskj~s,

glued on with a strong glue mixed with honey snd linseed oil.

The balloons, oonstruoted toward the end of the lSth oentu-

ry, were made of Ootton or silk oloth, oovered with paper or

with oil varnish, gum arabio or oaoutchouo.

. The oaptive balloons of the First Republio were made of

silk oovered with a varnish prepared by

wae remarkable, shoe, aooording to the

at the time, the balloon cmmpaniee were

Conte’, Th~ tightness

statements of historians

able to remain away from

the hydrogen generator for several weeks, without the balloon

losing my considerable fraotion of its llfting fome. Cont6ts

formula was lost and never foun& “

During the greater part of the past century, the history of

,. ,.- ,,,., ,, ... . . .. . . .
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aerostation is that of the free ballcon and the tlghtnses ob-

tained by varnishing ootton or silk fabrto ~ qhite 8atisfaoto-
,-.-----,../.-----.-*-,~----..-.-. ~,-,’ ‘---%- . ... .

ry. Slnoe, on the othes hand, mo’stof the a~rsh~p pz%jechs were .

never begun to be put int6 exeoution, there wa# hot muoh prb-

gresb made In the t~ghlniessof balltiotifabrios. llentionshould

be made, hdwevez!,of the attempt of Whrey ?!ongeto make a oopper

balloon, though it did not asoend, owing to the failure of the

hydrogen before the inflation was oomplete~

When, several years after the war of 1870-1871, Ool. Charles

Renard undertook the neoeseary experiments for determining the

best materials for captive war balloons, the tightnese of the

fabrioe was one of the problems to whioh he gave special atten-

tion. Many varnishes were tried, but all atzempts to reconsti-

tute the famous varnish of Oonte were in vain. Col. Renard pre-

pared a varnish, whioh was oelled Chalais varnish and whioh gave

very satlsfaotory results for free and captive balloons. Unfor-

tunately, the manipulation of varnished balloons Is very diffi-

oult and the fabrio deteriorates with time.

It was not until the beginning of the present oent~ that

endeavors to improve military balloone and mnstruot atrshlps

led to the discovery of balloon fabrios muoh tighter than vaTI&

ished fabrloe. Caoutohouo was employed to make a gas-tight

eki~ The rubberized

thiokneeses of ootton

of U30utoho”uo.

In Franoe, where

— — - . —. .— - — —

fabric oonsists of one, two or three

or silk oloth and from one to four layers

nonrlgld airships alone fclmndfavor until

— -—-—
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&ubbekiz@d f~dios furnished an excellent

solutiotiof the +i@Mne8s prnblem, alike for alrshlps, oaptive

ballbons and f’reeballoons., and but.,fgnr &ttem@s have been made

to substitute for oaoutohouo any other substanoe more lmpermea-

Xe to gas.

In GermAny, on the “oontrary,

forts have been directed to rigid

where, from the beginning, ef-

airships, the problem of bal-

loon fabrios does not present itself In the same manner. A

weaker fabrlo oould be usedJ slnoe the gas was distributed in a

oertain number of gas bage or ballonete, proteoted b“yan outside

envelope. (h aocount of””theconsiderable aeigh% of the hull,

It was neoegeary, however, to attain the maximum degree of tl@t-

ness and lightness. It was in Germamy t~t”rubberized fabrios

were first made, but experiments were very soon direoted toward

the employment of goldbeaterta skin.

In England, the use of goldbeaterls skin for balloone -s

quite oommon before the war. Oaptlve military balloons aad

airship Wulli Seoundusm were made entirely of goldbeaterfs

the

ski:.

without the addition of any fabrio. .

When, at the beginning of 1917, the mnstruotion of xlgid.

airships was oontemplat”ed”inFranoe, the question of employing

goldbeaterts skin for making ballonets arose It was only at

the begl.nntngof 1920, however, in the preeenoe of the results

obtained by the English and after rboeiving many reports on what

had been adotiplslhed in Germemy dtiing the war, that a thorough

and methodloal study of the uee of goldbeater’s skin was under-

taken by the S.T.Ae. (Te@nioal Section of Aeronautlos).

.-
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GO-~BkfiTEE1S

This is the ourrent term for
-.-,,...........

of the large ~ntes~lhe-of-’thecx,

of metal in goldbeatlng.

open and the bowels rtioveci The

drloal bag of 0.5 to 1 meter long

SKIN.

the prepared outside membrane

tied’fbr separating the le&vcn

the mid Is m?:.

separated frm the.

fozm of s Wlin-.

and ahcut 0.1 meter in diame-

ter, split along a generatrlx to wlihta a few eentimetere of

the end,

In the large ~Lau#r!!erhouses of Nurth and =uth Arnerioa

and Australia, the se~ratibn is done “~ithinuuh care, so as to

avoid”tears. The membranes (or ‘skins!!)are then sent to the

seotion whi& prepares them. The~rare thoroughly oleansetl,as”-

sorted and separated, amord?.ng to size, into two olasses; then

\ spread out and oovered on ea~h side w ith a thin layer of very

fine salt. They are then put 25 in a pack, all the same side

up, rolled up, tied and plaoed in casks oontalning 3000 - 35QQ

ekins of the first olass or 4500 - 5W0 of the seoond oldss.

8klns thue prepared oan be kept a long time without deteriorat?oi~.

The European slaughter houses are too small to have a sep-

a~ate seaion fop t=estlng the membranes, Qener=43.ythe gut

%orkere themselves attend to oolleoting the skins and either

treat them Immediately or prepare them to send to specialists.

‘In the latter ease, the skins are oleansed, salted and tied up

in bundlee of ~5 or 50.



- There are very few 6p’eoZalietein this work in Franoe =d

er drying, are passedthz& ba~~ G* pot~h O& E@da, oxygW-

The?’aze then etret&ed eing3y otiboards and dried, They are

then ready for use. .Eaoh skin forms a sheet 0.6 to 1 meter long

by 0.15 to 0.30 meters wide, similar to a sheet o: tissue paper.

Goldbeaterls ekin, t- prep~ed, is used p=inolpally by gold-

beaters, and by perfumers for oovering stoppers of bottles.

Employment of Goldbeaterfs Skin In Germany.

Experiments on the ~ployment of gtildbeaterlsskin in pre-

paring balloen fabrioa were prpbably undertaken in Germany from

the beginning of their researches tn ccmneotion with airships.

It seems, however, that at the time.of the declaration of war,

the period of theee experiments had not been terminated and that

the Weetion of materials for the balionets of rigid airships

had not been definitely eettle& The Zeppelin whioh landed at

Luneville in 1913 had, in faot, some ballonelw of varnished fab-

rio, some of rtibberizedfsbrZo and ot2iersof go~dbeaterrs skin.

In thie domain, as In many others, the war brou@t about oonsid-

erabla progress and, in 1918, there were being made in Gem,

many thousantisquaremeters per day-of goldbeaterfs skin fabrio,

the tightneee of whioh was praotioally perfeot.

Goldbeaterfe skin from oxen and oows dld not enter alone



into the C@rhpcmitlonQf the fabrlos made by the G0~5 during

the-war. -One animal furnishes only -onesuoh skin and 15 of them

were required to prepare one square meter of the fabrio. .Wenty-

faux ZeppellW, eati wl”tha ballunet gurfaoa of 20,CO0 to

30,UN s% m., were put into servioe during 19X7. It follo~e,

tha~efoze, that the Germans, reduoed by the blo&ade to theiz

om reaouroes azidto those of their allies, were obliged

sort to aibstitutgs possessing nearly the same qualities

beaterfe skim

Skin G was the regular goldbeaterts skin.

Skin P wss the oorrespondlngpreparation from the

to re-

as gol&-

intes-

tines of hogs, In fragments about 0,95 meters long. It oouldbe

taken from neither too young nor too old hogs.

Skin L, in lengths of 1.1 - 1.3 meters, was the inside

membranes of the portion of the intestine “ofan ox or 00W known

as the ‘orown intestine.n

The manufacture-. of goldbeaterfd skin fabrics is based on

the followlng property. If two skins are superposed after k.=

treatment and allowed to dry, thev adhere perfeotly. If there-

fore, a oertaln nwnber of skins are juxtaposed with snoverlap of

s few millimeters, ths~e is obtained, after drying, a single

leaf possessing the same qualities as the mmponent skins. If,

before drying, a taeoondlayer of skins is plaoed on the first

layer, under the same oonclitlons,there Is obtained, after dry-

ing, a very homogeneous do~le skin, the tightness of whioh is
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pr%otic%lly perfeot, shoe the single tikh hi alaeady very ‘Hght
●

.. by i-teelf.. ,.. ...-,...-,.- -c..

Goldbeateate skin fabzioe ~re ueed dusing the war almost

exclusively In making the ball~ets of xigid airships. It was

m~y near the end of the war that the Ge~ms pmoed In eervloe

s few ~ptive balloons made of eudh fabrios. For airships, the

first “layerwae always obmposeciof skin G, the seoond being

either skin G, P, or L. For osptive balloons, skin P was

used, either double or tn combination with skin L. For the re-

mainder of this artiole, we w1ll oonetder only the manufacture

of

of

airship ballonets.

The ballonets of rigid airships are oyllnders or frustrums

oonas with flat ends. TheV are made in a oertaln number of

seotions of as la=ge dltnenelonsas oan be conveniently worked,

which are then varnished and glued together.

The colleottonof the goldbsaterls skins was very systematlo

in Germany during the mr. Eaoh butoher was required to deliver

the ones from the animals he killed, Agents exerolsed strlot

control in Austria, Poland and Northern Franoe, where it was for-

bidden to make sausages. The skins were oleaned and salted on

the spot and then sent to the faotory where the fabrlos were made

On arrival at the faotory, the skins were separated Into

three ol.ass&: G, P, and L. After the defeotive skins =ere dis-

oarded, the reet were sorubbed and washed in oold water and then

in warm water at 35 and 450(l,so as to

substawes, moms and grease. Silver

.

remove all salt, foreign

nitrate tests showed

.
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whether the cileaneingwaQ oomplete. The skins =Ue next lef’~
.

. Ove=.night In,a.tank,of,olear water and then 24 hours In Weter.. -.,--... ..-.,, -..--,~
cmataiuing @ of glyoertae. They were then drained and sent in

prised: b

The gluing @ble, 4te6ply Inolihed, whloh had (beginningat

the bottom) a plain part 1.5 meters high, a lattioed -t 2 mete.m!

high and a roller.

The ‘doubllegwmade of very strong, olosely--wovenootton

olotk The eeamm had to be very owefuliy made, so as to avoid

folds. The ~doubliersnwere eithes 11 x 42 meters or 22L5 x 38

meters, the gluing tables being a 1~.ttlewider than the lldOUb+~”.Q-

liers.n

The ‘doubllern paesed over wooden oylinders plaoed end to

end in 3 trough under the table. It me mounted on the plain part

!azdstretoliedon the edges by means of strips and olamps. The

wozkmen were ~tationed at intervals of 1,5 meters and the skins

were brcmght to them by twenties.in enameled Iron pans. The Skizjs

were lifted by the long side with all the fingers of the hand and

laid on the ‘doubliermwith their longest dlmenslon upward and

the wrinkled side down. They were then spread out and mmothed

oarefully ~ hand, so as to remove air bubbles. The edges were

lifted with a speoial M&Se. The skins overlapped one another

about one oentlmeter. Thus .therewas made a layer about one meter

I
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high, ending about 5 am from the lower edge of the table. The Sso

. ...oti MYeS .W,qbgggq at about 10 a from the bottom, =ith tke 2Q_;;-.-.._,.,,. ,- ...w, .>
est dimension of ths skins at right angles to th&’-of the skins in

the flzst layer and with the wrinkled side up. After this first

sechion was finished, defeots (sors,tohes,thiok edgeo, fat) eto.)

were sought out and remedle& The ‘doubliern was then moved up

one meter and the seoond seotion was made, oare being taken to

matoh eati ~yer to the corresponding layer of the first SOOtiOnS

md so on. The drying was done by means of fans,blowing on the

lattioed portion. The ‘doubliern passed over the top roller and

desoended behind the table. There the sheet of double skins =as

oarefully removed and plaoed in a trouglb

me sheets were then sent to the assembling room, along wi+~h

the fabrlo for joining them. There they underwmt two examim-

tlons: the first, by transparency, for disooverlng defeots

(soratohes, holes, abeenoe of one layer, etc. ) , whi oh were marked

with red or blue penoil; the ee~nd, On a polished table ooverw.i

with waxed canvas, for discovering by touoh =y grains of sand,

whidh were marked. They then went to the gluing room, where

there were speoial tables 35 to 40 meters long and about 1.5 met-

ers wide. The sheet was plaoed In one of the troughs of the glu-

ing table. The first strip of about 1.5 meters was plaoed on the

table and held loosely with pinoers. It was .molstenedby hand

with @ glyoerlne water and stretohecL The defeots were then re-

paired by means of pieoes out out of a double sheet of skin and

glued mith a glue more oonoentrated than ordinary glue. As soon c



as all the

The glulng>. . .. .
Wmen stationed on both staleso+ *M table, TM flzst two women

spread, over an area i x ~.~ tieters, about a50 00 of glue at.

about 40°C. The hext two women unrolled the fabrio and held it

up. The ne%t women stretohed It and applied it with brushes.

These operations had to be performed very rapidly, for the glue

hardened on ooollng. The gluing was thue oontinued by lengths of

1.3 meters, Qhen the first one+eter strip was finished, it was -

dried by means of fang aml then slid over the edge of the table.

thus there WSA brought on to the table a second one+neter strip,

=hloh underwent the eme operations. The glue oontained 10 kg

of gelatlne~ 8 kg of glyoerlne, 10 kg of sulphorioinate of SO*

and small quantities of oreosote and oauatio soda for eaoh 100 kg

of water. The varnishing and aeeembling of the various seotlons

of the ballonets took Flaoe In the assembling room.

The Zeppelin Oompany had made~ before the war, arrangementfl

ior the oonstructioa of its ballonets at Tempnlhof, a subu~b of

Berlin. The factory was not completed, however, until after the

armtstioe. Ming the war, the skins and fabricswere assembled

st Britz. The ballonete of the Sch&tte-L=z Oompany were -e in

the Riedinger shops at Au@burg.

The German goldbeater1s skin fabrioe had, for a weight of

130 to 150 g per eq,m, a tightness

few liters of hydrogen per sq,m in

30 mm of water.

permitting the 10S8 of only a

a4 hours, under a pressure of

— -—
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GolGbeJaterls Skin 1%.briceIn EnRlan&

-... -- kfhg the waa j the En$lish.wed. only r~be~tzed fabrios,

both for theis smai~, n~~l@d ~~rghips -d oa~tj.ve W1100~.

The use of goldbeaterts ektn WELS first oonsideied, when they uncle:”
.

took the oozmtruotion of large alrehips. At that time, the pro-

Oeee employed ~ the oe~~ -s kn~, at least j.n a general vq

Nevertheless, probably to avotd the neoeeslty of so laxge an out.”

fit, the kngl.ieh~loon makers adopted a mixed fabrio, 00nipOSd

essentially of a attou fabrio, a layer of WOUbChCmO and a layer

12f a~~dbeat~~’e dk~IL.

The raw mate~tala, empluyed in making bal.lam+m for English

airships, are: a very lightly rubberized fabrio oomposed of a

go-gram ootton fabrio covered with a oaoutohoucifilm weighing

about 10 g per s~ur; goldbeaterts skin, freed fra salt, washed

and glyoerinated, by a prooess eimilar to that employed by the

Germans, and then dried.

In making a ballonet, the ends and oylindrioal or oonioal

parts are assembled without seam by simply gluing with the caout-

aouo solution On eaoh of these seotione there are glued gold-

beaterts skins by means of a very olear solution of oaoutohouc

(3.5 kg of para rubber for 180 liters of naptha). Two ooats of

this glue are applied and allowed to

applie~ The goldbeater16 skins are

of a few millimeters.

After applying the goldbeaterls

are ooated with oopal varnish on the

dry and then a third ooat if.

then put on, with an overl+.~

ekine, the ballonet seotiou

goldbeater~s skin side only

h--m-m ,,,,, ,, , ..-. ..,.—
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and then agse?zibledby simply gluing,.

C~e Is taken to unglue slightly the

efgc of me of the eec?tioa~jso that

fabrio togethes, Then the skins are

-#ithbutmak~ng a seam.

goldbeaterts sklne on the

the glue will hold the

f=ttened down and reglued

to the skins of the other seotlou The tl@tne9H and weight of

thie fabrio oompare favorably ~lth those of the Germ= gold”=

beater1s ekin fabrios.

Translated by the Eational Adviso%y &nnmittee for Aermautios. .
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